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WIRELESS TRANSMISSION METHOD, AND
WIRELESS TRANSMITTER AND WIRELESS
RECEIVER

The present application 1s a continuation of U.S. applica-
tion Ser. No. 12/177,499, filed Jul. 22, 2008, now pending,

which 1s a continuation of International Application No. PCT/
JP2006/301776 filed Feb. 2, 2006, the contents of each are

wholly imcorporated herein by reference. This application
also relates to U.S. application Ser. No. 13/765,462 and U.S.
application Ser. No. 13/765,4776.

TECHNICAL FIELD

The present mvention relates to a wireless transmission
method, and a wireless transmitter and a wireless receiver,
and for example, relates to a technique for use 1n a multiple-
iput and multiple-output wireless transmission technique
for performing signal transmission by using a plurality of
transmitting and receiving antennas in a wireless communi-
cation system such as a mobile-phone and a wireless access.

BACKGROUND ART

Recently, a MIMO (Multiple-Input Multiple-Output) has
drawn attention as the technique for enabling a high-capacity
(high-speed) data communication by eflectively using a fre-
quency band. The MIMO 1s the technique to transmit separate
data streams from a plurality of antennas of a transmitter by
using a plurality of antennas 1n both of the transmission and
the reception, that 1s to say, by using the transmitter having a
plurality of antennas and the receiver having a plurality of
antennas, and individually separate a plurality of transmis-
s10on signals (data streams ) mixed on a transmission path from
the signal recerved by each recerving antenna of the receiver
by using a transmission path (channel) estimate wvalue,
thereby improving a transmission rate without requiring an
enlargement of the frequency band.

FIG. 8 illustrates a configuration example of the previous
MIMO transmission system. The system illustrated in FIG. 8
corresponds to a system shown 1n FIG. 1 of the Non-Patent
Document 1 to be described later, and 1s provided with a
MIMO transmitter 100 and a MIMO receiver 200; focusmg
on substantial parts thereof, the MIMO transmitter 100 1s
provided with a user selector 101, a channel coder/modulator
102, a beam selector 103, a multibeam former 104, a sched-
uler 105 and a plurallty of transmitting antennas 106, and the
MIMO receiver 200 1s provided with a plurality of receiving
antennas 201, a MIMO/SIMO demodulator 202, a channel
decoder 203, a transmission beam measure 204 and a trans-
mission beam/stream determiner 205.

Also, 1n the MIMO transmitter 100, 1n the user selector
101, under the control of the scheduler 105, one or more user
data stream to be transierred 1s selected from a plurality of
series of user data streams and 1s 1nput to the channel coder/
modulator 102, and 1n the channel coder/modulator 102,
under the control of the scheduler 105, a required error cor-
rection coding such as a turbo coding 1s performed with a
specified coding ratio, and after that, obtained bit series 1s
mapped to a specified modulation scheme, for example, a
symbol having a signal point (signal of the data channel) such
as QPSK (Quadrature Phase Shift Keying) and 16QAM
(Quadrature Amplitude Modulation) and 1s modulated.
Meanwhile, 1n the channel coder/modulator 102, 1n addition
to the data channel signal, the signal of the pilot channel (pilot
symbol) used for channel estimation and the signal of the
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2

control channel (control symbol) transmitting the control
information may be multiplexed.

The modulated data thus-obtained i1s mput to the beam
selector 103, and 1n the beam selector 103, under the control
of the scheduler 105, the beam used for transmitting the
modulated data 1s selected from a plurality of fixed beams
(multibeam) formed by the multibeam former 104 by just the
number of streams to be transmitted and the modulated data 1s
transmitted from the transmitting antenna 106 by the selected
beam.

For example, assuming that the number of transmitting
antennas 106 1s four and the number of fixed beams capable of
being formed by the multibeam former 104 1s four at the
maximum, when the number of streams to be transmitted 1s
four, all of the four beams are selected, and 1n a case of two
streams, two beams are selected out of four beams, and 1n a
case of one stream, one stream 1s selected out of four beams.

On the other hand, in the MIMO receiver 200, a wireless
signal transmitted from the transmitting antenna 106 of the
MIMO transmitter 100 1s recerved by each recerving antenna

201, and MIMO demodulated or SIMO (Single-Input Multi-
Output) demodulated by the MIMO/SIMO demodulator 202,
and the user data stream 1s generated. That 1s to say, in the
MIMO/SIMO demodulator 202, the user data streams multi-
plexed for each of the transmitting antennas 106 are separated
by a method of using an 1nversion matrix of a channel corre-
lation matrix and a method of using an MLD (Maximum
Likelihood Detection) algorithm, based on a channel estimate
value (channel matrix) obtained by a correlation calculation
of the received pilot symbol and the pilot replica, and the
demodulated data 1s generated.

The obtained demodulated data 1s input to the channel
decoder 203, and an error correction decoding such as a turbo
decoding 1s performed in the channel decoder 203, and
decoded data of the user stream received by the data channel
may be obtained.

Meanwhile, each signal received at the recerving antenna
201 1s also 1nput to the transmission beam measure 204, and
a CQI (Channel Quality Indicator) value, which 1s an index of
reception quality, 1s measured based on the received pilot

symbol 1n the transmission beam measure 204, and one or
more beam of which reception quality 1s the best 1s deter-
mined (selected) based on the obtained CQI value 1n the
transmission beam/stream determiner 205. Then, information
including the determined number of beams, corresponding
CQI value and the beam ID i1s generated as feedback infor-
mation to the MIMO transmitter 100 and 1s transmitted to the
MIMO transmitter 100.

The above-described feedback information 1s finally
reported to the scheduler 105 of the MIMO transmuitter 100,
and thereby, the scheduler 103 controls the user selector 101,
the channel coder/modulator 102 and the beam selector 103
so as to transmit the transmission user data stream as
described above by the beam of the number of beams (beam
ID) determined (selected) 1n the MIMO receiver 200 (trans-
mission beam/stream determiner 205) and by the coding ratio
and modulation scheme depending on the reported CQI
value.

Meanwhile, as disclosed 1n the Patent Document 1 to be
described later, 1n the closed loop type MIMO transmission
scheme, which performs pre-coding on the transmitting side,
it 15 also required to send back the information of the channel
matrix or the received weight (weighting coelficient of the
multibeam) obtained on the receiving side, as the feedback
information to the transmitting side.
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Patent Document 1: Japanese Patent Application Laid-Open
No. 2005-311902

Non-Patent Document 1: 3GPP TSG RAN WGI meeting #43
(R1-051438), “Multi-beam MIMO for EUTRA Down-
link™, Fujitsu, November 2005

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

For improving the transmission rate by the MIMO multi-
plex method, (1) a high SNR (Signal to Noise Ratio) and (2)
a low interantenna correlation (or a low interbeam correla-
tion) are required. In a case 1n which the condition 1s not
satisiied, throughput characteristics by the MIMO multiplex
are significantly deteriorated, so that it 1s advantageous to use
the MIMO diversity or directional beam transmission for the
sake of the throughput of the entire system.

Herein, in the above-described previous technique, since
the number of beams to be formed 1s constant irrespective of
the number of transmission streams (for example, fixed to the
maximum value of the number of beams capable of being
formed) [1n other words, a beam divergence (directional
intensity) for one beam 1s constant], the effect by the MIMO
multiplex 1s not obtained depending on the beam to be
selected, so that the throughput characteristics may be dete-
riorated.

For example, 1f the beams having a high correlation ther-
cbetween (for example, adjacent beams) are selected on the
transmitting side by the feedback information from the
receiving side, the separation and the demodulation process-
ing capability of the user data streams on the recerving side
are deteriorated. Theretfore, 11 the beams having a low corre-
lation therebetween are selected, deterioration 1n such a sepa-
ration and demodulation processing capability may be sup-
pressed; however, this 1s more deteriorated than the reception
quality by the beam, which 1s supposed to be selected as the
one of which reception quality (directional gain) 1s excellent
for the receiving side due to the directionality of the beam.

Herein, as disclosed in the Patent Document 1, although it
1s possible to adjust the selected interbeam correlation and the
beam directionality to ease the deterioration 1n the separation
and the demodulation processing capability and the deterio-
ration 1n the reception quality by feed backing the channel
matrix and the reception weight used on the receiving side as
the feedback mformation to the transmitting side, the feed-
back mnformation amount 1s increased and the arithmetic pro-
cessing for adjustment 1s required.

The present invention 1s made 1 view of such a problem,
and an object thereot 1s to combine the high throughput char-
acteristics by the low interbeam correlation and the high
directional gain to obtain the excellent reception characteris-
tic without increasing the feedback information amount in the
MIMO transmission.

Means for Solving the Problem

In order to achieve the above-described object, the present
invention uses a wireless transmission method, and a wireless
transmitter and a wireless receiver to be described below. That
1s to say,

(1) As a generic aspect, there provided 1s the wireless
transmission method capable of transmitting a data stream
between a wireless transmitter having a plurality of transmut-
ting antennas and a wireless receiver having a plurality of
receiving antennas by a multibeam, the method including;:
controlling the number of transmission beams to be formed
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for transmitting the data stream depending on the number of
data streams to be transmitted at the wireless transmaitter, and
selectively receiving any one or more transmission beam
from the transmission beams by the wireless receiver.

(2) Herein, the wireless transmitter may control to increase
the number of transmission beams 1n proportion as the num-
ber of transmission data streams 1s smaller.

(3) Also, the wireless receiver may selectively recetve two
or more of the transmission beams having a low correlation
therebetween, when the number of transmission data streams
1s two or larger.

(4) Further, the wireless recerver may selectively receive
nonadjacent transmission beams as the transmission beams
having a low correlation therebetween.

(5) In addition, the wireless transmitter may multiplex a
pilot signal for each of the transmitting antennas to perform
beam transmission by a fixed weighting coeflicient, and the
wireless receiver may measure a level of the transmission
beam based on the pilot signal and the weighting coeflicient,
determine the number of transmission data streams and the
transmission beam to be received based on the measured
level, and report information regarding the number of trans-
mission data streams and the transmission beam, which are
determined, to the wireless transmitter, and the wireless trans-
mitter may control the number of transmission beams based
on the information reported from the wireless receiver.

(6) Further, the wireless transmitter may multiplex a pilot
signal for each of the transmission beams to perform beam
transmission by a fixed weighting coellicient, and the wire-
less recerver may measure a level of the transmission beam
based on the pilot signal, determine the number of transmis-
sion data streams and the transmission beam to be received
based on the measured level, and report information regard-
ing the number of transmission data streams and the trans-
mission beam, which are determined, to the wireless trans-
mitter, and the wireless transmitter may control the number of
transmission beams based on the mnformation reported from
the wireless recerver.

(7) Alternatively, the wireless transmitter may multiplex a
pilot signal for each of the transmitting antennas to perform
beam transmission by a variable weighting coellicient, and
broadcast information regarding the weighting coefficient
and information regarding the number of transmission beams
to the wireless recerver, and the wireless recerver may mea-
sure a level of the transmission beam based on the pilot signal
and the information regarding the weighting coefficient
broadcasted from the wireless transmitter, determine the
number of transmission data streams and the transmission
beam to be received based on the measured level and the
information regarding the number of transmission beams
broadcasted from the wireless transmitter, and report infor-
mation regarding the number of transmission data streams
and the transmission beam, which are determined, to the
wireless transmitter, and the wireless transmitter may control
the number of transmission beams based on the information
reported from the wireless recerver.

(8) As another generic aspect, there provided 1s a wireless
transmitter which 1s capable of transmitting a data stream to a
wireless receiver having a plurality of receiving antennas by
a multibeam, and 1s provided with a plurality of transmitting
antennas, and number-of-transmission beams control means
operable to control the number of transmission beams to be
formed for transmitting the data stream depending on the
number of data streams to be transmitted from the transmit-
ting antennas.
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(9) Herein, the number-of-transmission beams control
means may control to increase the number of transmission
beams in proportion as the number of transmission data
streams 1s smaller.

(10) Also, this transmitter may be further provided with
first p1lot multiplex means operable to multiplex a pilot signal
for each of the transmitting antennas; a first beam former
operable to perform beam transmission by a fixed weighting
coellicient, and first reported information recerving means to
receive information regarding the number of transmission
data streams and the transmission beam, determined based on
a level measurement result measured for the transmission
beam based on the pilot signal and the weighting coetficient
in the wireless receiver and reported from the wireless
recerver, wherein the number-of-transmission beams control
means may control the number of transmission beams based
on the information received by the first reported information
receiving means.

(11) Further, this transmitter may be further provided with
second pilot multiplex means operable to multiplex a pilot
signal for each of the transmission beams, a first beam former
operable to perform beam transmission by a fixed weighting
coellicient, and second reported information recerving means
to recerve information regarding the number of transmission
data streams and the transmission beam, determined based on
a level measurement result measured for the transmission
beam based on the pilot signal 1n the wireless recerver and
reported from the wireless receiver, wherein the number-oi-
transmission beams control means may control the number of
transmission beams based on the information received by the
second reported information receiving means.

(12) Also, this transmitter may be further provided with
first p1lot multiplex means operable to multiplex a pilot signal
for each of the transmitting antennas, a second beam former
operable to perform beam transmission by a variable weight-
ing coelficient, broadcasting means operable to broadcast
information regarding the weighting coellicient and informa-
tion regarding the number of transmission beams to the wire-
less receiver, and third reported information recerving means
to recerve information regarding the number of transmission
data streams and transmission beam, determined based on a
level measurement result measured for the transmission beam
based on the pilot signal and the information regarding the
welghting coellicient broadcasted by the broadcasting means
and the information regarding the number of transmission
beams broadcasted by the broadcasting means, and reported
from the wireless receiver, wherein the number-of-transmais-
sion beams control means may control the number of trans-
mission beams based on the information recerved by the third
reported information recerving means.

(13) As still another generic aspect, there provided 1s a
wireless recetver which 1s capable of recerving a data stream
from a wireless transmitter having a plurality of transmitting
antennas by a multibeam, and 1s provided with a plurality of
receiving antennas, and beam selective reception control
means operable to selectively recetve any one or more trans-
mission beam through the receiving antennas from the trans-
mission beams of which number of transmission beams to be
formed for transmitting the data stream 1s controlled depend-
ing on the number of data streams to be transmitted by the
wireless transmitter.

(14) Herein, the beam selective reception control means
may selectively receive two or more of the transmission
beams having a low correlation therebetween, when the num-
ber of transmission data streams 1s two or larger.
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(15) Also, the beam selective reception control means may
selectively recetve nonadjacent transmission beams as the
transmission beams having a low correlation therebetween.

(16) Further, the wireless transmitter may multiplex a pilot
signal for each of the transmitting antennas to perform beam
transmission by a fixed weighting coetlicient, and the beam
selective reception control means may be provided with a first
level measuring section to measure a level of the transmission
beam based on the pilot signal and the weighting coetficient,
a first determining section operable to determine the number
of transmitting data streams and the transmission beam to be
received based on the level measured by the first level mea-
suring section, and a first report section to report information
regarding the number of transmission data streams and the
transmission beam determined by the first determining sec-
tion as control information of the number of transmission
beams 1n the wireless transmutter.

(17) In addition, the wireless transmitter may multiplex a
pilot signal for each of the transmitting beams to perform
beam transmission by a fixed weighting coetiicient, and the
beam selective reception control means may be provided with
a second level measuring section to measure a level of the
transmission beam based on the pilot signal, a second deter-
mining section operable to determine the number of transmis-
sion data streams and the transmission beam to be received
based on the level measured by the second level measuring
section, and a second report section to report information
regarding the number of transmission data streams and the
transmission beam determined by the second determiming
section as control information of the number of transmission
beams 1n the wireless transmitter.

(18) Further, the wireless transmitter may multiplex a pilot
signal for each of the transmitting antennas to perform beam
transmission by a variable weighting coellicient, and broad-
cast the information regarding the weighting coetficient and
the information regarding the number of transmission beam
to the wireless recetver, and the beam selective reception
control means may be provided with a third level measuring
section to measure a level of the transmission beam based on
the pilot signal and the information regarding the weighting
coelficient broadcasted from the wireless transmaitter, a third
determining section operable to determine the number of
transmission data streams and the transmission beam to be
received based on the level measured by the third level mea-
suring section and the information regarding the number of
transmission beams broadcasted from the wireless transmit-
ter, and a third report section to report information regarding
the number of transmission data streams and the transmission
beam determined by the third determining section as control
information of the number of transmission beams 1n the wire-
less transmutter.

Efifect of the Invention

According to the above-described aspects, at least any of
following effect or advantage may be obtained.

(1) In the transmitter, the number of transmission beams
(the number of selectable beams of a transmission source) to
be formed depending on the number of data streams to be
transmitted 1s controlled (changed), so that 1t becomes pos-
sible to obtain good throughput characteristics (reception
characteristics) without increasing the feedback information
amount from the receiver to the transmitter.

(2) For example, by increasing the number of transmission
beams in proportion as the number of transmission data
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streams 15 smaller, the number of selectable transmission
source beams increases, so that it becomes possible to obtain
the high directional gain.

(3) Also, 1n a case 1n which the number of transmission data
streams 1s two or larger, by selectively recerving two or more
transmission beams having a low correlation therebetween
(for example, nonadjacent), 1t becomes possible to avoid
deterioration of data stream separation capability on the

receiving side and obtain high throughput characteristics due
to the low interbeam correlation.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 1s a view for illustrating an overview of an embodi-
ment;

FI1G. 2 1s a block diagram 1llustrating a configuration of a
MIMO transmission system according to a first embodiment;

FI1G. 3 1s ablock diagram 1llustrating a configuration focus-
ing on a transmission beam ID/stream determiner and a
known selectable beam memory 1 FIG. 2;

FIG. 4 1s a flowchart for illustrating an operation (beam
selection method) of the transmission beam ID/stream deter-
miner shown in FIG. 3;

FIG. 5 1s a schematic diagram 1llustrating one example of
selectable beams for illustrating an operation of the MIMO
transmission system shown in FIG. 2;

FIG. 6 1s a block diagram 1llustrating a configuration of the
MIMO transmission system according to a second embodi-
ment,

FI1G. 7 1s a block diagram 1llustrating a configuration of the
MIMO transmission system according to a third embodi-
ment; and

FI1G. 8 1s a block diagram 1llustrating a configuration of the
previous MIMO transmission system.

EXPLANATIONS OF REFERENCE NUMERALS

1 MIMO transmuitter

11 user selector

12 channel coder/modulator

13 beam selector

14 multibeam former

15 scheduler (beam controller) (number-of-transmission
beam control means, first, second, third reported infor-
mation receiving means)

16-1 to 16-» transmitting antennas

17 element pilot multiplexer (first pilot multiplex means)

17-1 to 17-» adders (multiplex circuit)

17a beam pilot multiplexer (second pilot multiplex means)

17a-1 to 17a-r adders (multiplex circuits)

18 broadcast information adder (broadcasting means)

19a weight generator

195 selectable beam information generator

2 MIMO recetver

20 beam selective reception control means

21-1 to 21-M receiving antennas

22 MIMO/SIMO demodulator

23 decoder (channel decoder)

24 transmission beam measure ({irst, second, third level
measuring section)

25 known pilot memory

26 known transmission weight memory

277 transmission beam ID/stream determiner (first, second,
third determining section, first, second, third report sec-
tion)

271 ranking level comparator

28 known selectable beam memory
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281 comparative beam ID table
281 broadcast information extractor

30-0 to 30-9 beams

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

Heremaiter, an embodiment of the present invention 1s
described with reference to the drawings.

|A] Overview

First, an overview of the embodiment to be described
below 1s described by using FIG. 1. In FIG. 1, reference
numerals 1 and 2 represent a MIMO transmitter provided
with a plurality of (herein, four) transmitting antennas and a
MIMO recerver provided with a plurality of receiving anten-
nas, respectively, and 1t 1s configured such that wireless
MIMO transmission 1s performed between the MIMO trans-
mitter 1 and the MIMO recerver 2. The MIMO transmitter 1
1s applicable, for example, as a base station device of amobile
wireless communication system, and the MIMO recerver 2 1s
applicable as a mobile station device (UE: User Equipment)
of the system. Therefore, in a following description, the
MIMO transmitter 1 1s also represented as a base station
device 1 or a base station 1, and the MIMO receiver 2 1s also
represented as a mobile station device 2 or a mobile station 2.
In addition, a detailed specification conforms to a Table Al 1n
the Non-Patent Document 1, for example.

Also, 1n this example, the base station device 1 1s config-
ured to be able to change (control) the number of beams to be
formed (beamforming) depending on the number of user data
streams to be sent (transmitted) (hereimnaiter, also simply
referred to as “transmission stream”), and the mobile station
device 2 1s configured to be able to selectively recerve any one
or more beam from a multibeam having the above-described
number of beams.

For example, 1n the base station 1, when the number of
transmission streams 1s not large, or 1n the case of a single
stream at the minimum, the mobile station 2 selectively
receives, for example, the beam of which reception level 1s the
maximum out of more beams formed by the base station 1.
Also, as the number of transmission streams increases, a
combination of selectable beams 1s limited. When the number
of transmission streams 1s large, 1n a case of transmitting the
multistream of up to the number of transmitting antennas, the
beam by element transmission (also construable that there 1s
only one selectable number of beams) 1s selectively recerved.

Meanwhile, 1n FIG. 1, cases 1n which (1) the number of
transmission streams 1s four, (2) the number thereof 1s two
and (3) the number thereotf 1s one 1n the base station 1 are
shown, respectively, and it 1s illustrated that 1n the case of (1),
the base station 1 forms one beam by each of the transmitting
antennas and element transmits four streams by the beam, and
the mobile station 2 directly (without selecting the beam)
receives the signal, which 1s element transmitted by one
beam, 1n the case of (2), the base station 1 forms four beams
and transmits two streams by the four beams, and the mobile
station 2 selectively receives, for example, two beams having
low 1nterbeam correlation therebetween out of the four
beams, and in the case of (3), the base station 1 forms eight
beams and transmits one stream by the eight beams, and the
mobile station 2 selectively recerves one beam out of the eight
beams, respectively.

In this manner, it becomes possible to obtain excellent
throughput characteristics and a directional gain, by making 1t
possible to obtain the gain as large as possible at the time of
one stream and by selecting the beams such that the interbeam
correlation 1s low at the time of multistream, by changing the
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original number of beams selectable depending on the num-
ber of transmission streams, that 1s to say, the number of
transmission beams to be formed (beamiorming).

Hereinatter, a specific example 1s described 1n detail.

[B] Description of First Embodiment

FI1G. 2 1s a block diagram 1llustrating a configuration of the
MIMO transmission system according to a first embodiment,

and the MIMO transmission system shown in FIG. 2 1s pro-

vided with the MIMO transmitter 1 and the MIMO receiver 2;
focusing on substantial parts thereof, the MIMO transmitter 1
1s provided with a user selector 11, a channel coder/modulator
12, a beam selector 13, a multibeam former 14, a scheduler
(beam controller) 15, a plurality of transmitting antennas 16-1
to 16-» (n 1s an mteger of 2 or larger) and an element pilot
multiplexer 17, and the MIMO recetver 2 1s provided with one
or a plurality of recerving antennas 21-1 to 21-M (M 1s an
integer of 1 or larger and possibly M=n), a MIMO/SIMO
demodulator 22, a decoder (channel decoder) 23, a transmis-
sion beam measure 24, a known pilot memory 23, a known
transmission weight memory 26, a transmission beam
ID/stream determiner 27 and a known selectable beam
memory 28. In what follows, the MIMO transmaitter 1 may be
referred to simply as “transmitter 17 or “transmitting side 1™
and the MIMO receiver 2 may be referred to simply as
“recerver 27 or “receiving side 27

Here, 1n the MIMO transmitter 1, the user selector 11 1s
operable to select one or more user data stream to be trans-
mitted from a plurality of series of user data streams under the
control of the scheduler 15, and the channel coder/modulator
12 1s operable to perform a required error correction coding
such as a turbo coding with a specified coding ratio under the
control ofthe scheduler 15, and mapping obtained bit series to
a specified modulation scheme, for example, a symbol having
a signal point (signal of data channel) such as QPSK (Quadra-
ture Phase Shift Keying) or 16QAM (Quadrature Amplitude
Modulation), thereby modulating the same.

The beam selector 13 1s operable to select one or a plurality
of beam used for transmitting the transmission stream (user
data) coded and modulated by the channel coder/modulator
12, from a plurality of beams (multibeam) formed by the
multibeam former 14, under the control of the scheduler
(beam controller) 15, 1n greater detail, depending on feedback
information (information regarding a transmission beam ID
and the transmission stream) from the receiving side 2. The
transmission beam ID (1dentification information) 1s
uniquely defined (set) based on a transmission weight matrix
W used 1n the multibeam former 14 to be described below
(same as above).

The multibeam former (first beam former) 14 1s operable to
form the multibeam for transmitting the transmission stream
based on a predetermined transmission weight matrix
(weighting coelficient) W. In this example, the transmission
welght matrix W 1s fixed.

The element pilot multiplexer (first pilot multiplex means)
17 1s operable to multiplex an orthogonal pilot signal (sym-
bol) p1 for each of the transmitting antennas 16-i (i=1 ton) by
adders (multiplex circuits) 17-1 to 17-» of the transmitting
antennas 16-1 to 16-r, respectively, and thereby, the orthogo-
nal pilot signal p1 1s transmitted for each of the transmitting
antennas 16-i (clement).

The beam controller (scheduler; number-of-transmission
beam control means) 15 1s operable to control the number of
transmission beams formed for transmitting the transmission
stream depending on the number of transmission streams by
controlling beam selection in the above-described beam
selector 13, and 1n this example, 1t 1s configured to receive the
information regarding the beam ID and the number of streams

10

15

20

25

30

35

40

45

50

55

60

65

10

determined (selected) by the transmission beam ID/stream
determiner 27 on the receiving side 2 as feedback information
to control the number of transmission streams and the beam
(the number of transmission beams to be formed) used for
transmitting the transmission stream based on the feedback
information.

On the other hand, 1n the receiver 2, the recerving antennas
21-7 (1=1 to M) receirves the beam transmitted from each of the
transmitting antennas 16-i of the transmitter 1, and the
MIMO/SIMO demodulator 22 1s operable to MIMO-de-
modulating or SIMO-demodulating the signal receirved by
cach of the recerving antennas 21-7, and the demodulated data
1s generated by separating the user data streams, which are
multiplexed for each of the transmitting antennas 16-i, by a
method of using an inversion matrix of a channel correlation
matrix and a method of using an MLD algorithm, based on a
channel estimate value (channel matrix) obtained by a corre-
lation operation of the pilot signal p1 and the pilot replica
multiplexed on a recerved signal.

The decoder 23 decodes the user data stream obtained by
the above-described MIMO/SIMO demodulator 22 by a
decoding scheme corresponding to the coding scheme 1n the
transmitting side 1.

The known pilot memory 25 stores a replica signal (pilot
replica) of the pilot signal p1 1n advance, the known transmis-
sion weilght memory 26 1s for storing information of the
transmission weight matrix W on the transmitting side 1 in
advance, and the transmission beam measure (first level mea-
suring section) 24 measures a level for each beam from the
transmitter 1 based on the pilot replica stored 1n the known
pilot memory 25 and the mmformation of the transmission
weight matrix W stored 1n the known transmission weight
memory 26.

The known selectable beam memory 28 stores information
regarding selectable beam 1n advance, and 1n this embodi-
ment, as shown in FIG. 3 for example, a comparative beam 1D
table 281 in which the number of transmission streams and a
candidate beam ID are related to each other 1s stored. Mean-
while, 1n the comparative beam ID table 281 shown in FIG. 3,
it 1s 1llustrated that in a case that the number of transmission
streams 1s four, the candidate of the selectable beam (candi-
date beam) 1s one beam, ID=0, in a case that the number of
transmission streams 1s two, the IDs of the candidate beam are
2,4,6,8 (or 1,3, 5,7), that 1s to say, nonadjacent four beams
of even number (or odd number) IDs, and 1n a case that the
number of transmission streams 1s one, the IDs of the candi-
date beam are 9 beams, 1 to 9.

The transmission beam ID/stream determiner (first deter-
mining section) 27 determines information regarding the
transmission beam ID (the number of transmission beams)
and the number of transmission streams (beam selection
information) to be transmitted to the transmitter 1 as the
teedback information, based on a measurement result by the
transmission beam measure 24 and the information (com-
parative beam ID table 281) stored in the known selectable
beam memory 28, and 1n this example, as shown 1n FIG. 3 for
example, this 1s provided with a ranking level comparator
271, and by checking possibility 1n decreasing order of the
number of transmission streams based on a measurement
level (Level[ID]) of each beam (ID) measured by the trans-
mission beam measure 24, a threshold (TH[k]) corresponding
to the number of transmission streams (k) and contents of the
comparative beam ID table 281, in the ranking level compara-
tor 271, the number of transmission streams and the beam ID
at that time are determined. Meanwhile, in FIG. 3, a case 1n
which the maximum number of transmission streams 1s four
(that 1s to say, k=1 to 4) 1s shown.
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That 1s to say, the block 20 including the above-described
transmission beam measure 24, the known pilot memory 25,
the known transmission weight memory 26, the transmission
beam ID/stream determiner 27 and the known selectable
beam memory 28 functions as beam selective reception con-
trol means for selectively recerving any one or more of the
transmission beams through the recerving antennas 21-7 from
the transmission beams ol which number of transmission
beams formed for transmitting the transmission stream 1s
controlled depending on the number of transmission streams
by the transmuitter 1.

Meanwhile, the information determined by the transmis-
sion beam ID/stream determiner 27 1s fed back (reported) to
the transmitter 1 through a transmission system of the
recerver 2 not shown, as control information for transmission
beam control (the number of beams to be formed) by the beam
controller 15 1n the transmitter 1. Therefore, the transmitter 1
(beam controller 15) operates according to the above-de-
scribed control information (feedback information), thereby
controlling the beam selector 13 and the multibeam former 14
to increase the number of transmission beams in proportion as
the number of transmission streams 1s smaller, and control-
ling the beam selector 13 and the multibeam former 14 to
perform the element transmission by one beam of beam 1D=0
when the number of transmission streams 1s the maximum
value.

Hereinatter, an operation (beam selection method) of the
MIMO transmission system of this embodiment configured
as above 1s described 1n detail.

First, the transmitter 1 uses a constantly uniform fixed
weilght as the transmission weight (matrix) W of the multi-
beam, and multiplexes the orthogonal pilot signal p1 for each
of the transmitting antennas 16-i to transmit. That 1s to say, 1n
the user selector 11, under the control of the scheduler 15, one
or more user data stream to be transmitted 1s selected from a
plurality of series of user data streams and is 1mput to the
channel coder/modulator 12, and 1n the channel coder/modu-
lator 12, under the control of the scheduler 15, the required
error correction coding such as the turbo coding 1s performed
with the specified coding ratio, and after that, the obtained bit
series 1s mapped to the symbol having the signal point (signal
of the data channel) such as the specified modulating scheme
(QPSK or 16QQAM) and 1s modulated.

The obtained modulated data 1s input to the beam selector
13, and 1n the beam selector 13, under the control of the
scheduler 15, the beam used for transmitting the modulated
data 1s selected by the number depending on the number of
streams to be transmitted from a plurality of fixed beams
(multibeam) formed by the multibeam former 14, and the
modulated data 1s transmitted from the transmitting antennas
16 by the selected beam. On this occasion, the orthogonal
pilot signal p11s multiplexed by each adder 17-i of the element
pilot multiplex section 17 and 1s transmitted from each trans-
mitting antenna 16-i.

On the other hand, 1n the receiver 2, the signal transmitted
from the above-described transmitter 1 by the multibeam 1s
received by each recerving antenna 21-/ and 1s input to the
MIMO/SIMO demodulator 22 and the transmission beam
measure 24, respectively. In the MIMO/SIMO demodulator
22, the received signal from each receiving antenna 21-7 1s

MIMO demodulated or SIMO demodulated to generate the

user data stream. That 1s to say, the user data stream 1s sepa-
rated based on the channel estimate value (channel matrix) to
generate the demodulated data.
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An error correction decoding such as a turbo decoding 1s
performed to the obtained demodulated data by the decoder
23, thereby, decoded data of the user data stream may be
obtained.

On the other hand, 1n the transmission beam measure 24, a
level for each beam 1s measured based on the pilot replica 1in
the known pilot memory 25 and the information of the known
transmission weight W in the known transmission weight
memory 26 (hereinafter, also referred to as a transmission
welght information W).

For example, when the transmission data vector, the trans-
mission weight information (matrix), pilot vector and channel
information (matrix) are represented as X=[x1, . . ., xn],
W=[WI1, ..., Wm] (wherein, m represents the number of
transmission beams), P=[pl, ..., pn] and H=[H]1, . .., Hn],
respectively, and the recetved signal on the receiving side 2 1s
represented as Y, Y=HP=HWX 1s recerved on the recerving
side 2.

Therefore, 1n the transmission beam measure 24, by
obtaining the channel information H of each element (trans-
mitting antenna 16-i) by using the known pilot vector P, and
by obtaining HW by using the known transmission weight
information W, 1t becomes possible to obtain the channel
information of each transmission beam, so that the level mea-
surement for each beam becomes possible based on the chan-
nel information.

Then, the level measurement result (Level [ID]) for each
obtained beam (ID) 1s mput to the transmission beam
ID/stream determiner 27, and by checking the possibility 1n
the descending order of the number of the transmission
streams by the ranking level comparator 271 based on the
level measurement result, the threshold (TH[k]) correspond-
ing to the number of transmission streams (k) and the contents
of the comparative beam. ID table 281, the number of trans-
mission streams and the beam ID at that time are determined.

That 1s to say, as shown 1n FIG. 4 for example, 1n a case 1n
which the maximum number of transmission streams 1s four
(beam 1D=0), the ranking level comparator 271 first com-
pares the level measurement result Level[ID=0] of the beam
ID=0 and the threshold TH[k=4] corresponding to the num-
ber of transmission streams k=4 to check whether an equation
Level [ID=0]>TH [k=4] 1s satisfied or not (possibility that the
number of transmission streams 1s four) (step S1). As a result,
when the equation Level [ID=0]>TH [k=4] 1s satisfied, the
ranking level comparator 271 determines that the number of
transmission streams k=4 and the beam ID=0 (route Y of step
1 to step S2).

On the other hand, when the equation Level[ID=0]<TH
[k=4] 1s satisiied, the ranking level comparator 271 selects
two IDs (IDmax1, IDmax2) of which levels are larger from
the level measurement results Level[ID=1], Level[ID=2],
Level[ID=3] and Level[I1D=4] (route N of step S1 to step S3),
and compares each level measurement result Level
[ID=IDmax1], Level[lID=IDmax2] and the threshold
TH[k=2] corresponding to the number of transmission
streams k=2 to check whether both of the level measurement
results Level[ID=IDmax1], Level[ID=IDmax2] are larger
than the threshold TH[k=2] or not (possibility of that the
number of transmission streams 1s two) (step S4).

As a result, 1f both of the level measurement results Level
[ID=IDmax1], Level [ID=IDmax2] are larger than the thresh-
old TH[k=2], the ranking level comparator 271 determines
that the number of transmission streams k=2 and the beam
ID=IDmax2, IDmax2 (route Y of step S4 to step S5).

On the other hand, 1f one or both of the level measurement
results Level [ID=IDmax1], Level [ID=IDmax2] i1s not larger
than the threshold TH[k=2], the ranking level comparator 271
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selects the maximum ID from the level measurement results
Level [ID=1]to Level [ID9] as the IDmax (route N of step S4
to step S6), and checks whether the level measurement result
Level [IDmax] 1s larger than the threshold TH]| 1] correspond-
ing to the number of transmission streams k=1 or not (possi-
bility of that the number of transmission streams 1s one) (step
S7).

As a result, 1f the level measurement result Level [IDmax]
1s larger than the threshold THJ1], the ranking level compara-
tor 271 determines that the number of transmission streams
k=1 and the beamID=IDmax (route Y of step S7 to step S8),
otherwise, determines that the number of transmission
streams and the beam ID are not allocated (route N of step S7
to step S9).

As described above, 1n the transmission beam ID/stream
determiner 27, the beam ID having the maximum channel
information reliability 1s selected from the predetermined
known selectable beams depending on the number of streams
requesting the transmission.

The specific example 1s described by using an 1mage dia-
gram shown 1n FIG. 5. FIG. 5 illustrates a case 1n which the
transmitter 1, the number of transmitting antennas of which 1s
n=4, may multibeam transmit with the maximum number of
transmission beams 1s nine (beam IDs=1, 2, ..., 9) or element
transmit (ID=0) the number of transmission streams k=1 to 4.

The receiver 2 selects one beam of which reception level
(reception quality) 1s the maximum out of entire nine beams
30-1 to 30-9 (beam IDs=1 to 9) by the above described algo-
rithm when the number of transmission streams k=1, and
selects two beams of which reception levels are high out of

four beams 30-2, 30-4, 30-6, 30-8 of the even number beam
IDs (IDs=2, 4, 6, 8) [or from five beams 30-1, 30-3, 30-5,
30-7, 30-9 of the odd number beam IDs (IDs=1, 3, 3,7, 9)] as
the known selectable beams when the number of transmission
streams k=2. That 1s to say, this selects the beam under the
limited condition that the interbeam correlation therebetween
1s low (not adjacent). Then, when the number of transmission
streams 1ncreases to k=4, the receiver 2 does not select the
beam under the similarly limited conditions or ultimately (in
a case ol the maximum number of transmission streams), this
does not selects beam and receives one beam 30-0 by the
clement transmission (beam ID=0).

In this manner, when the number of transmission streams 1s
small, the beam 1s selected from a number of beams of which
beam directions are different to each other. Specifically, when
the number of transmission streams k 1s not smaller than 2
(MIMO transmission), the beam 1s selected from orthogonal
multibeam (or multibeam equivalent thereto) as the multi-
beam, when the number of transmission streams k 1s the
maximum, the beam 1s not selected and one beam of the
clement transmission 1s directly recerved, and when the num-
ber of transmission streams k 1s the mimmum (k=1) (SIMO
transmission), the beam 1s selected from more beams
arranged so as not to reduce gain due to the direction thereof
by adding the beams faced the direction to compensate
between the beams to the selectable candidate beam relative
to the orthogonal beam (or the beam equivalent thereto) as the
multibeam.

Then, the information of the number of transmission
streams k and the beam ID determined by the receiver 2
(transmission beam ID/stream determiner 27) as described
above 1s sent back to the transmitter 1 through the transmis-
sion system of the receiver 2 not shown as the feedback
information. That 1s to say, 1n this example, the transmission
beam ID/stream determiner 27 also functions as a {irst report
section for reporting the information regarding the deter-
mined number of transmission streams and the transmission
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beams as the control information of the number of transmis-
s10n beams formed 1n the transmitter 1.

On the transmitting side 1, the above-described feedback
information from the receiving side 2 1s reported to the beam
controller 15 through a reception system of the transmitter 1
not shown, and the beam controller 15 controls the user selec-
tor 11, the channel coder/modulator 12 and the beam selector
13 based on the feedback information, and selects the number
of transmission streams and the beam to perform the beam
control of the transmission stream.

As described above, according to this embodiment, by
controlling (changing) the number of candidate beams (the
number of transmission beams to be formed) selectable on the
receiving side 2 depending on the number of transmission
streams on the transmitting side 1, for example, 1t becomes
possible to obtain the gain as large as possible by the element
transmission at the time of one stream and to perform the
beam selection such that the interbeam correlation therebe-
tween becomes low at the time of multistream, and the excel-
lent throughput characteristics (reception characteristics)
may be obtained while attaining both high throughput char-
acteristics due to the low interbeam correlation and highly
directional gain, without increasing the feedback information
amount to the transmitter 1.

|C] Description of Second Embodiment

FIG. 6 1s a block diagram 1illustrating a configuration of the
MIMO transmission system according to a second embodi-
ment. Although the MIMO transmission system shown in
FIG. 6 also 1s provided with the MIMO transmitter 1 and the
MIMO recerver 2, this 1s different from the above-described
configuration 1 FIG. 2 1n that 1n the MIMO transmitter 1, a
beam pilot multiplexer 17a 1s provided on a previous stage of
the multibeam former 14 (subsequent stage of the beam selec-
tor 13) 1n place of the element pilot multiplexer 17, and 1n the
MIMO receiver 2, the known transmission weight memory 26
1s not required 1n the block 20, which functions as the beam
selective reception control means. Meanwhile, other compo-
nents designated by the same reference numerals as already
described ones are same as or similar to the already described
components unless otherwise noted. In addition, in this
example also, the transmission weight information W=
W1, ..., Wm]in the multibeam former 14 1s fixed as 1n the
first embodiment.

Herein, the beam pilot multiplexer (second pilot multiplex
means) 17a 1s provided with adders (multiplex circuits) 17a-1
to 17a-m corresponding to each output depending on the
number of transmission beams (maximum m) ol the beam
selector 13 and 1s for multiplexing orthogonal pilot signals pl
to pm for each beam of the multibeam by the adders 17a-1 to
17a-m.

Therefore, on the recerving side 2 (transmaission beam mea-
sure 24), even 1f the transmission weight information W on
the transmitting side 1 1s not known (if the already described
known transmission weight information memory 26 1s not
provided), the channel information of each transmission
beam may be estimated based on the known pilot replica in
the known pilot memory 25, so that the level measurement for
cach beam as 1n the first embodiment becomes possible. That
1s to say, the transmission beam measure 24 of this example
functions as a second level measuring section for measuring
level of the transmission beam based on the above-described
pilot signal (replica).

Therefore, 1n this example also, in the transmission beam
ID/stream determiner 27 (ranking level comparator 271), 1t 1s
possible to perform the beam selection (determination of the
beam ID and the number of transmission streams) depending
on the number of transmission streams based on the informa-
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tion in the known selectable beam memory 28 (comparative
beam ID table 281) as in the above-described algorithm in
FIG. 4 (steps S1 to S9) and feed back the information to the
transmitting side 1.

That 1s to say, the transmission beam ID/stream determiner
277 of this example functions as a second determining section
for determining the number of transmission streams and the
transmission beams to be received based on the level measur-
ing result by the transmission beam measure 24 as the above-
described second level measuring section, and also functions
as a second report section for reporting the information
regarding the number of transmission streams and the trans-
mission beams, which are determined, as the control infor-
mation of the number of transmission beams in the transmit-
ter 1.

Then, 1n this case, the beam controller 15 of the transmaitter
1 also functions as second reported information receiving
means for receiving the information regarding the number of
transmission streams and the transmission beam, determined
based on the level measurement result measured for the trans-
mission beam based on the pilot signal as described above in
the recetver 2 and 1s reported from the receiver 2, and per-
torms the control of the number of transmission beams based
on the recerved information.

Theretfore, the effect and advantage similar with those of
the first embodiment may be obtained, and in this example,
the known transmission weight memory 26 1s not required on
the receiving side 2, so that 1t 1s possible to simplity the
configuration and process on the recetving side 2.

[D] Description of Third Embodiment

FI1G. 7 1s a block diagram 1llustrating a configuration of the
MIMO transmission system according to a third embodi-
ment, and although the MIMO transmission system shown in
FIG. 7 also 1s provided with the MIMO transmitter 1 and the
MIMO receiver 2, this 1s different from the configuration
described above 1n FIG. 2 1n that 1n the MIMO transmatter 1,
a broadcast information adder 18 1s provided on a subsequent
stage of the multibeam former 14 and a weight generator 19q
and a selectable beam information generator 196 are pro-
vided, and 1n the MIMO receiver 2, 1n the block 20, which
functions as the beam selective reception control means, a
broadcast information extractor 29 1s provided and the known
transmission weight memory 26 and the known selectable
beam memory 28 (comparative beam ID table 281) are not
required. Meanwhile, other components indicated by the
same reference numerals as the already described ones are the
same as or similar to the already described components unless
otherwise noted.

Here, 1n the transmitter 1, the weight generator 194 adap-
tively generates the {transmission weight information
W=[W1, ..., Wm]used in the multibeam former 14. That 1s
to say, the beam former 14 of this example functions as a
second beam former for performing the beam transmission by
the variable transmission weight information W.

The selectable beam mformation generator 195 generates
the information regarding the beam selectable on the receiv-
ing side 2 (limiting condition of beam selection), for example,
information corresponding to the contents of the comparative
beam ID table 281 described above in FIG. 3.

That 1s to say, in this example, 1t 1s possible to change
(control) the transmission weight mformation W, and the
information regarding the beam selectable by the transmis-
sion weight information W and the number of transmission
streams (hereinaiter, referred to as selectable beam informa-
tion).

The broadcast information adder (broadcasting means) 18
1s required to report the variable information to the receiving
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side 2, so that this 1s for adding (multiplexing) to the trans-
mission stream as the information such as a (downlink)
inform channel to the receiving side 2. Meanwhile, an updat-
ing period of the broadcast information, that 1s to say, the
updating period of the transmission weight information W by
the weight generator 19a and the updating period of the
selectable beam information by the selectable beam informa-
tion generator 196 are set depending on the system.

On the other hand, 1n the receiver 2, the broadcast infor-
mation extractor section 29 1s for extracting the broadcast
information (transmission weight information W and the
selectable beam information) from the signal demodulated by
the MIMO/SIMO demodulator 22, and the transmission
weight information W and the selectable beam information
out of the extracted broadcast information are configured to
be sent to the transmission beam measuring section 24 and the
transmission beam ID/stream determiner 27, respectively.

Therefore, 1n the transmission beam measure 24 of this
example, the channel estimation of each beam becomes pos-
sible based on the transmission weight information W broad-
casted from the transmitter 1 and extracted by the broadcast
information extractor 29 and the pilot replica in the known
pilot memory 235, and the level measurement for each beam as
in the first embodiment becomes possible without requiring
the already described known transmission weight memory
26. That 1s to say, the transmission beam measure 24 of this
example functions as a third level measuring section for per-
forming the level measurement of the transmission beam
based on the pilot signal and the transmission weight infor-
mation W broadcasted from the transmutter 1.

Also, the transmission beam ID/stream determiner 27 may
perform the beam selection (determination of the beam ID
and the number of transmission streams) depending on the
number of transmission streams as 1n the above-described
algorithm 1n FIG. 4 (steps S1 to S9) based on the selectable
beam information extracted by the broadcast information
extractor 29, the level measurement result by the transmission
beam measure 24 and the threshold (TH[k]) depending on the
above-described number of transmission streams, and feed
back the information to the transmitting side 1. This means
that in the receiver 2, the information corresponding to the
above-described comparative beam 1D table 281 may be built
or updated based on the information extracted by the broad-
cast information extractor 29.

That 1s to say, the transmission beam ID/stream determiner
277 of this example functions as a third determining section
operable to determine the number of transmission streams
and the transmission beam to be received based on the level
measurement result by the transmission beam measure 24 as
the third level measuring section and the selectable beam
information broadcasted from the transmitter 1 (information
regarding the number of transmission beams), and also func-
tions as a third report section to report the information regard-
ing the number of transmission streams and the transmission
beam, which are determined, as the control information of the
number of transmission beams 1n the transmaitter 1.

Then, 1n the transmitter 1, the above-described control
information (feedback information) reported from the
recelver 2 1s received at the beam controller 15, and based on
the information, the transmission beam control 1s performed.
That 1s to say, the beam controller 15 of this example also
functions as third reported information recerving means to
receive the information regarding the number of transmission
streams and the transmission beam, determined based on the
level measurement result measured for the transmission beam
based on the pilot signal and the transmission weight infor-

mation W broadcasted by the broadcast information adder 18
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and the selectable beam information broadcasted by the
broadcast information adder 18, and 1s reported from the
recetver 2, and controls the number of transmission beams
based on the received information, in the receiver 2, as
described above.

Therelore, the effect and advantage same as or similar to
those 1n the first embodiment may be obtained, and 1n this
example, by adaptively changing the transmission weight
information W and the selectable beam information depend-
1ng on a communication environment between the transmaitter
1 and the recerver 2, 1t 1s possible to achieve the optimal beam
selection depending on the communication environment,
thereby further improving the throughput characteristics.

Meanwhile, although both of the transmission weight
information W and the selectable beam information are made
variable and each information 1s broadcasted to the recerving,
side 2 1 the above-described embodiment, 1t 1s possible that
only one of them 1s made variable and 1s broadcasted to the
receiving side 2.

In addition, 1t 1s possible to multiplex the orthogonal pilot
signal for each beam 1n this example also, as in the second
embodiment. In this case, as described above, 1t 1s not
required to know the transmission weight information W on
the receiving side 2, 1t 1s only necessary to broadcast only the
selectable beam information to the receiving side 2.

Meanwhile, 1t goes without saying that the present mnven-
tion 1s not limited to the above-described embodiments and
various changes may be made without departing from the
scope of the invention.

INDUSTRIAL APPLICABILITY

As described above in detail, according to the embodi-
ments, by changing the number of transmission beams (the
original number of beams selectable on the recerving side) to
be formed depending on the number of transmission streams,
it 1s possible to achieve the system performing the excellent
communication, that 1s to say, the high throughput character-
1stics by low interbeam correlation at the time of the multi-
stream transmission and the large directional gain at the time
of the single stream, by the small feedback information only
for the beam selection, so that this 1s considered to be
extremely useful 1n the field of wireless communication tech-
nique.

What 1s claimed 1s:
1. A wireless transmission method capable of transmitting
a data stream by a wireless transmitter having a plurality of
transmitting antennas, the wireless transmission method
comprising;
at the wireless transmitter,
changing a number of candidate transmission beams to
be formed at the wireless transmitter for transmitting
the data stream according to a number of transmission
data streams to be transmitted at the wireless trans-
mitter, said candidate transmission beams, from
which at least one transmission beam 1s selected to be
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used for recetving the data stream, being formed by
predetermined number of the plurality of transmitting
antennas.
2. The wireless transmission method according to claim 1,
turther comprising:
at a wireless receiver,
selecting the at least one transmission beam to be used
for recetving the data stream, a number of the at least

one transmission beam being equal to the number of
the transmission data streams.

3. The wireless transmission method according to claim 1,
wherein at said wireless transmitter, changing said number of
candidate transmission beams so that said number of candi-
date transmission beams increases as said number of the
transmission data streams becomes smaller.

4. A wireless transmitter capable of transmitting a data
stream to a wireless receiver, the wireless transmitter com-
prising:

a plurality of transmitting antennas; and

a controller configured to change a number of candidate

transmission beams to be formed at the wireless trans-
mitter for transmitting the data stream according to a
number of transmission data streams to be transmitted at
the wireless transmitter, said candidate transmission
beams, from which at least one transmission beam 1s
selected to be used for recerving the data stream, being,
formed by predetermined number of the plurality of
transmitting antennas.

5. The wireless transmitter according to claim 4, wherein
said controller configured to change said number of candidate
transmission beams so that said number of candidate trans-
mission beams increases as said number of the transmission
data streams becomes smaller.

6. The wireless transmitter of claim 4, wherein the wireless
transmuitter 1s a base station.

7. A wireless system comprising:

a wireless receiver; and

a wireless transmitter capable of transmitting a data stream

to the wireless receiver, wherein

the wireless transmitter comprises:

a plurality of transmitting antennas; and

a controller configured to change a number of candidate
transmission beams to be formed at the wireless trans-
mitter for transmitting the data stream according to a
number of transmission data streams to be transmitted
at the wireless transmitter, said candidate transmis-
sion beams, from which at least one transmission
beam 1s selected to be used for receiving the data
stream, being formed by predetermined number of the
plurality of transmitting antennas.

8. The wireless system of claim 7, wherein

the wireless transmitter 1s a base station, and

the wireless recerver 1s configured to select the at least one

transmission beam to be used for recerving the data
stream, a number of the at least one transmission beam
being equal to the number of the transmission data
streams.
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